A detection procedure was developed in which a newly devised lysine-iron medium was used as a one-step selective and enrichment medium for detection of salmonellae by the fluorescent-antibody technique. Incubation was conducted in two steps: initially at 30 C for 5 hr to resuscitate sublethally stressed cells, followed by incubation at 39 C for 17 hr. Twenty-seven strains of salmonellae from groups A-I were utilized in the development of this procedure which was sensitive enough to detect one Salmonella bacterium in 100 g of nonfat dry milk.
Rapid and reliable means are urgently needed to detect contamination of food by salmonellae. This is especially true of foods like dairy products where wide use and a significant number of very susceptible consumers (infants and aged) require the most careful quality control. Because of the very low incidence of contamination in dairy products, particularly nonfat dry milk (NDM), a rapid screening procedure would minimize the holding period required to assure a safe product for shipment.
Numerous methods utilizing the principal biochemical characteristics of salmonellae such as inability to split lactose, production of hydrogen sulfide, and possession of a lysine decarboxylase (1, 4, 5) , as well as modification of media plus serology (12) , have been proposed for speeding up salmonellae detection. Specialized glassware utilizing carbohydrate fermentation and the motility of the organism also have been recommended (2) . The fluorescentantibody technique also has been proposed in many procedures for detecting organisms in meat (6), eggs (11), miscellaneous foods (8) , and NDM (10) .
The purpose of this work was to determine whether a newly proposed presumptive type selective broth medium (7) for salmonellae could be used as a combination pre-enrichment and selective medium for a fluorescentantibody procedure to determine the presence of salmonellae in NDM within 24 Fluorescent-antibody microbiology. An advanced laboratory microscope was used throughout this work (American Optical Co., Buffalo, N.Y.; model LIOTU-FDW). Brighter fluorescence was observed with two oil-immersion objectives (x50 and slide.
Differentiation of pure cultures. Pure cultures were inoculated into tubes of medium and were incubated at 37 C for 18 hr, at which time color was recorded and samples were taken for the fluorescentantibody procedure.
Test samples. Since no significant number of commercially contaminated samples was available, samples of NDM powders were prepared by adding known numbers of salmonellae to them. Twentyfour-hour broth cultures were diluted as necessary and blended with NDM in a mortar and pestal; additional NDM was added to obtain the approximate final concentration of salmonellae desired. Thorough mixing was carried out by mixing with large, sterile spoons and subsequent extensive shaking of powder in polyethylene bags. Powders were stored at 4 C. These were then assayed for approximate number of viable salmonellae by addition of trypsin to NDM reconstituted in lactose broth and assayed by conventional procedures.
Assay of NDM. Generally, NDM is assayed on a 1:10 (weight of sample/volume of medium) basis; however, when 100-g samples were assayed to detect low levels of contamination, it was found that a 1:15 ratio gave better dispersion of the samples. Trypsin (30 ml of 1% solution) and novobiocin (5 ,g/ml) were added as previously described (7). Based on studies of sublethally stressed cells (9) and optimum temperatures for salmonellae growth (3), the incubation was conducted in two steps: initially at 30 C for 5 hr, followed by 39 C for 17 hr.
The stepwise procedure for assaying NDM samples was as follows. (i) Lysine-iron broth medium was prepared by the formula of Hargrove et al: (7) , dispensed in 1,500-ml portions in large-mouth Erlenmeyer flasks, and autoclaved 121 C for 15 min. (ii) One hundred grams of NDM powder was mixed aseptically in 1,500 ml of medium in a Waring Blendor. (iii) The broth and milk mixture was returned to the medium flask, and stock solutions of trypsin and novobiocin were added (30 and 7.5 ml, respectively) and mixed. (iv) Flasks were incubated at 30 C for 5 hr and then incubated at 39 C for 17 hr. (v) Flasks were examined for medium indicator-color changes and blackening after a total of 22 hr of incubation.
The incubated samples were gently mixed, and 0.05 ml of each sample was placed onto an etched circle of a nonfluorescent glass slide (Aloe Scientific, St. Louis, Mo.). The slides were air dried, fixed in Haglund's solution (a 60:30:10 absolute alcoholchloroform-Formalin mixture) for 30 sec, touched off on absorbent paper, and transferred to absolute alcohol for 30 sec before air drying.
Each smear was stained with the polyvalent antiserum at a 1:2 dilution. The slides were incubated for 30 min under inverted 150-mm glass petri dishes containing moist filter paper. This incubation period was followed by a rinse in normal saline, 10 min in phosphate-buffered saline, and a rinse in distilled water. The air-dried slides were mounted in a buffered glycerol fluorescent-antibody mounting fluid (Difco) and covered with a no. 0 Coming cover glass.
Final evaluation of these slides was based on bacterial morphology, size, and degree of fluorescence by using x 100 objective with iris diaphragm. Although in these experiments each field usually contained numerous fluorescing cells, a single fluorescent cell in 25 fields examined would be considered as positive for salmonellae. Approximately 2 hr was required for completion of the fluorescent-antibody procedure.
RESULTS AND DISCUSSION
The 27 salmonellae serotypes from groups A through I that were used in our previous study (7) were tested to determine the specificity of the conjugated antiserum, and all gave a bright fluorescence of somatic and flagellar sites. Additionally, strains of Bacillus, Citrobacter, Enterobacter, Escherichia, Klebsiella, Paracolobactrum, Proteus, Providencia, Pseudomonas, and Shigella were tested. None of these organisms was positive with this antiserum. Our previous work established (10) that a salmonellae which fluoresced when grown in pure culture would fluoresce when grown in reconstituted NDM.
The data in Table 1 indicate that the prepared samples which had been shown to contain approximately one viable Salmonella cell per 50 to 100 g with trypsin-treated NDM assayed by conventional methods were also positive by this method. This is further amplified in Table 2 which also shows that with salmonellae known to be H2S-negative the medium was still a good enrichment, and the fluorescent-antibody test would give positive identification.
An explanation of the lack of blackening by S. paratyphi A (WMN), a known H2S producer, in this medium within that time is shown in Table 3 . Novobiocin (5 gg/ml) restricted the growth of the two strains of S. paratyphi A as evidenced by the few cells observed on the fluorescent-antibody slides. Thus, the limited growth in 22 hr was probably insufficient to produce enough H2S to show a blackening even though it was sufficient to give a positive fluorescent-antibody test. The variability on response among strains of S. pullorum may have been caused by temperature-sensitive enzymes since Tittsler (13) showed that 30 C is optimum for H2S production of this strain. Neither S. paratyphi A nor S. pullorum has been reported in NDM.
The medium provides a very satisfactory one-step enrichment procedure for subsequent fluorescent-antibody examination by providing 
